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ABSTRACT: 

In this study, Ti-6Al-4V (Grade 5) alloy components were fabricated via Laser Metal Deposition (LMD) and 
subsequently coated with Nickel-Chromium (NiCr 80/20) and Molybdenum (Mo) powders using Atmospheric Plasma 

Spray (APS) to enhance their surface durability. The objective was to evaluate the synergistic effects of LMD and 

plasma spray coatings on the mechanical, tribological and corrosion properties of the Ti alloy. Microstructural and 

chemical analyses using SEM and EDS confirmed dense, uniform coatings with strong metallurgical bonding and 

minimal porosity. Atomic Force Microscopy (AFM) revealed refined surface topographies, with Mo-coated samples 

exhibiting smoother profiles (Ra = 0.42 µm) compared to NiCr (Ra = 0.51 µm), facilitating better tribological contact. 

Vickers microhardness tests indicated significant surface strengthening, with hardness values increasing from 368 HV 

(uncoated) to 584.67 HV (Mo) and 537.66 HV (NiCr). Dry sliding wear tests demonstrated that Mo coatings provided 

superior wear resistance, with the lowest coefficient of friction (0.32) and specific wear rate (0.5 × 10⁻⁴ mm³/Nm), 

attributed to the formation of MoO₃ tribolayers. Electrochemical corrosion testing in 3.5% NaCl solution revealed that 

NiCr coatings outperformed Mo in corrosion protection, exhibiting a more noble corrosion potential (–450 mV) and 
significantly reduced current density (1.2 × 10⁻⁷ mA/cm²) due to the formation of a stable Cr₂O₃ passive film. These 

findings establish that integrating LMD with tailored plasma spray coatings enables surface-functionalized Ti alloys 

suitable for high-performance applications requiring enhanced wear and corrosion resistance. 
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INTRODUCTION: 

       In response to the increasing demand for design flexibility and material efficiency, 

Additive Manufacturing (AM) has emerged as a transformative technology, enabling the direct 

translation of 3D digital models into physical components without the geometric constraints 

typically imposed by traditional manufacturing methods [1]. By fabricating components layer-by-

layer, AM significantly minimizes material waste and eliminates the need for extensive tooling, 

thereby reducing both production cost and lead time [2]. 

Among the various AM technologies, metal Additive Manufacturing has garnered substantial 

attention due to its capacity to fabricate high-performance, complex metallic components that meet 

the stringent requirements of aerospace, biomedical, energy, and automotive industries [3]. Metal 

AM processes can be broadly classified based on the nature of feedstock and energy input 

mechanisms, encompassing techniques such as Powder Bed Fusion (PBF), Electron Beam Melting 

(EBM), Wire Arc Additive Manufacturing (WAAM) and Directed Energy Deposition (DED) [4]. 

Laser Metal Deposition (LMD), a subclass of the DED category, utilizes a high-energy laser beam 

to create a molten pool into which metal powder is concurrently injected and deposited layer-by-

layer to form near-net-shape components [5]. Owing to its relatively high deposition rate, 

geometric versatility and potential for functionally graded materials, LMD has been extensively 
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explored for component repair, surface modification, and hybrid manufacturing [6]. However, 

achieving microstructural uniformity and mechanical properties on par with PBF-produced parts 

remains a key challenge in LMD, necessitating the optimization of process parameters to mitigate 

defects such as porosity, unmelted particles and thermal cracking [7]. 

Ti-6Al-4V (Grade 5) is one of the most widely utilized titanium alloys in AM applications due to 

its exceptional combination of high strength-to-weight ratio, corrosion resistance, biocompatibility 

and fatigue performance. Its relatively low thermal conductivity and high affinity for oxygen, 

however, complicate its processing and can affect the thermal gradients during fabrication, 

potentially impacting microstructural evolution and residual stress development [8]. As a result, 

surface engineering techniques such as thermal spray coatings are often employed to further 

enhance the alloy’s surface-specific properties. 

In engineering applications, surface coatings play a pivotal role in extending the service life of 

components by improving thermal stability, tribological behavior and corrosion resistance under 

aggressive environmental conditions [9]. Plasma spray coating, a subset of thermal spray 

technologies, is particularly suited for such applications due to its ability to deposit a wide range 

of materials with high deposition efficiency and strong mechanical bonding. Plasma spraying 

involves the injection of coating material into a high-temperature plasma jet, resulting in rapid 

melting and deposition of particles onto a substrate [10]. 

Government research organizations in India, especially those under the Department of Atomic 

Energy (DAE) and the Department of Science and Technology (DST), have played an important 

role in the growth of plasma based technologies by coming up with new ideas and patents. Several 

patented systems show how plasma technology could be used in industry and the environment. 

Indian Patent Number 432380 describes a system that can make huge plasma arc plumes that can 

be used to treat and get rid of waste quickly and easily. Indian Patent Numbers 272122 and 281527 

also show plasma pyrolysis technologies that can help with waste management. These 

improvements show that plasma engineering is becoming more important in India for dealing with 

waste processing problems and developing eco-friendly technological solutions. 

Molybdenum (Mo) based coatings offer exceptional wear resistance and thermal conductivity, 

making them ideal for dynamic automotive components where high friction and thermal loads are 

prevalent. Mo’s high melting point contributes to thermal stability and erosion resistance in 

extreme environments [11]. Similarly, Nickel Chromium (NiCr) coatings exhibit outstanding 

oxidation and corrosion resistance, attributable to the formation of a stable and adherent oxide 

layer. The ductile nature of NiCr also facilitates strong metallurgical bonding and crack resistance 

during thermal cycling. When applied under optimized plasma spray parameters, NiCr coatings 

can achieve a dense microstructure with minimal porosity, enhancing the durability and service 

performance of the coated substrate [12]. 

Comprehensive characterization techniques are essential to evaluate both the quality of LMD 

fabricated substrates and the performance of surface coatings. Microhardness testing provides 

insight into the mechanical integrity and load-bearing capacity of the deposited layers, while 

Atomic Force Microscopy (AFM) enables nanoscale assessment of surface topography and 

roughness. Scanning Electron Microscopy (SEM), combined with Energy-Dispersive X-ray 

Spectroscopy (EDS), facilitates microstructural and elemental analysis, aiding in the identification 

of defects, phase distributions and compositional uniformity. Furthermore, tribological testing 

under dry sliding conditions and corrosion assessments in simulated environments provide critical 

data on wear behavior and material degradation mechanisms, respectively. 



LEX LOCALIS-JOURNAL OF LOCAL SELF-GOVERNMENT      
ISSN:1581-5374 E-ISSN:1855-363X      
VOL. 24, NO. 2(2026)  
 

90 

Additive Manufacturing (AM), particularly Laser Metal Deposition (LMD), has emerged as a key 

technology for fabricating complex metal components with reduced material waste and enhanced 

design flexibility. Despite its advantages in repair and functional grading, LMD fabricated parts 

often face challenges in achieving uniform mechanical properties and surface quality. Ti-6Al-4V, 

a widely used titanium alloy, is frequently employed in LMD due to its favorable mechanical and 

biomedical properties. To further enhance surface performance especially in terms of wear 

resistance, thermal stability and corrosion protection plasma spray coatings such as Molybdenum 

(Mo) and Nickel Chromium (NiCr) are applied. These coatings offer complementary benefits: Mo 

for its wear and thermal properties and NiCr for its corrosion resistance and oxidation stability. 

This study focuses on evaluating the mechanical, microstructural, and surface characteristics of 

LMD Ti-6Al-4V substrates enhanced with Mo and NiCr plasma spray coatings, using techniques 

such as SEM, EDS, AFM, microhardness, wear and corrosion testing. 

MATERIALS AND METHODS: 

MATERIALS USED:   

Ti-6Al-4V (Grade 5) alloy was used as the base material due to its excellent mechanical 

strength, corrosion resistance and biocompatibility [13]. For the Laser Metal Deposition (LMD) 

process, pre-alloyed spherical Ti-6Al-4V powder with a particle size range of 45–65 µm was 

selected. This size distribution ensures good powder flowability and efficient laser absorption, 

which are critical for stable melt pool formation and consistent layer deposition during LMD [14]. 

In table 1, the chemical composition of Ti-6Al-4V, conforming to ASTM Grade 5 specifications, 

includes aluminum (5.5–6.75 wt%) as an α-phase stabilizer to enhance strength and oxidation 

resistance and vanadium (3.5–4.5 wt%) as a β-phase stabilizer to improve ductility and toughness 

[15]. Minor elements such as iron, oxygen, carbon, nitrogen and hydrogen are tightly regulated to 

prevent embrittlement and degradation of mechanical properties [16]. 

TABLE  1: Chemical Composition of Ti-6Al-4V Powder 

In this study, Nickel-Chromium (NiCr) 80/20 alloy powder and Molybdenum (Mo) powder were 

employed as coating materials for plasma spray deposition. 

As detailed in table 2, the NiCr 80/20 powder, comprising 80 wt.% Nickel and 20 wt.% Chromium, 

was used in the particle size range of 45–65 µm. This powder was selected for its excellent 

oxidation and corrosion resistance, as well as good thermal stability. In addition to Ni and Cr, the 

powder also contained minor alloying elements such as iron (Fe), carbon (C), manganese (Mn), 

and silicon (Si), which may influence coating adhesion, toughness, and oxidation behavior [17]. 

TABLE 2: Chemical Composition of Nickel Chromium (NiCr) Powder 

Element     Nickel (Ni) Chromium (Cr) Other Elements 

Weight % Balance 20 - 25 0.2 – 1.0 

The Molybdenum powder used for coating was also within the 45–65 µm size range as shown in 

table 3. Mo was chosen for its superior wear resistance, high melting point, and self-lubricating 

Elements 
Titanium 

(Ti) 

Aluminium 

(Al) 

Vanadium 

(V) 

Iron 

(Fe) 

Oxygen 

(O) 
Other Elements 

Weight % Balance 5.5 – 6.75 3.5 – 4.5 0.3 0.2 0.45 – 0.5 
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properties. Trace elements such as iron (Fe), nickel (Ni) and carbon (C) were present in small 

amounts, and their content was controlled to maintain the purity and thermal stability of the 

deposited layer [18]. 

TABLE 3: Chemical Composition of Molybdenum (Mo) Powder 

Element  Molybdenum (Mo) Oxygen  (O) Other Elements 

Weight %     95 - 98 0.1 - 0.15 0.01 – 0.03 

LASER METAL DEPOSITION (LMD) 

Laser Metal Deposition (LMD), a widely adopted Directed Energy Deposition (DED) 

technique, was selected for this study due to its high precision, controlled material usage, and 

suitability for fabricating complex geometries [19]. The Ti-6Al-4V (Grade 5) alloy was chosen as 

the feedstock for its excellent mechanical properties, corrosion resistance and biocompatibility, 

making it a preferred material in aerospace and biomedical applications [20]. 

 

The deposition process was carried out using a Meltio M450 LMD system, which operates with a 

multi-laser diode source delivering a combined power output of 1000 W [21]. Prior to deposition, 

the Ti-6Al-4V substrate was cleaned using ethanol to remove surface contaminants and ensure 

proper metallurgical bonding [22]. The feedstock powder, gas-atomized Ti-6Al-4V with a particle 

size distribution of 45–65 µm, was selected for its favorable flowability and laser absorptivity, 

both critical for consistent melt pool formation [23]. 

The powder was delivered via a volumetric feeder and transported to the coaxial nozzle 

using argon gas as shown in Figure 1, which also served as a shielding medium to prevent oxidation 

during the high-temperature deposition process [24]. The laser melted the powder to form a stable 

melt pool, and deposition was carried out along the X-Y axis at a scanning speed of 600 mm/min. 

Following the completion of each layer, the nozzle advanced vertically in the Z-direction by 1.2 

mm to initiate the next layer [25]. 

 

 
Figure 1. Laser Metal Deposition Process 

 

The powder feed rate was maintained between 8–10 g/min, a range identified in prior studies as 

optimal for achieving dense, uniform layers with minimal porosity [26]. A real-time infrared (IR) 
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thermal camera monitored the nozzle temperature to prevent overheating and powder clogging, 

while a closed-loop feedback system continuously regulated process parameters such as laser 

power, melt pool dynamics, and deposition height [27]. 

Following deposition, the fabricated Ti-6Al-4V components were allowed to cool under an argon-

rich environment to suppress oxidation and thermal distortion [28]. The particle morphology and 

size distribution of the powder feedstock significantly influenced deposition stability and final 

surface finish. Proper control over these characteristics, along with optimized process parameters, 

was essential to producing high-quality, defect-free components [29]. 

 

PLASMA SPRAY COATING  

After fabricating Ti-6Al-4V sample using the Laser Metal Deposition (LMD) technique, 

the parts were sectioned to standardized dimensions (30 × 30 × 10 mm) to prepare them for the 

plasma spray coating process. Surface preparation is critical for ensuring high coating adhesion; 

therefore, the surfaces were subjected to sandblasting using high purity ceramic particles. This 

procedure created a roughened surface profile (surface roughness Ra ≈ 3–5 µm) which facilitates 

mechanical anchoring of the coating and enhances the bonding strength at the coating substrate 

interface. The blasted samples were subsequently cleaned in an ethanol bath and dried in a 

controlled, dust free environment to remove surface impurities and contaminants [30]. 

Atmospheric Plasma Spray (APS) coating was employed to deposit two distinct types of powders 

Nickel-Chromium (NiCr, 80/20 wt%) and Molybdenum (Mo) on separate regions of the LMD 

fabricated Ti alloy surfaces as shown in Figure 2. These powders were chosen for their 

complementary performance characteristics: NiCr is known for its excellent corrosion and 

oxidation resistance due to the formation of a stable Cr₂O₃ layer, while Mo offers exceptional wear 

resistance and thermal conductivity. Both powders were gas atomized, with particle size 

distributions ranging from 45–65 µm, ensuring optimal flowability and melting behaviour in the 

plasma plume [31]. 

 
Figure 2. Plasma Spray Coating Process 

The coating process was performed using a high-energy plasma system, with argon as the 

primary plasma gas and hydrogen as the secondary gas to elevate the plasma temperature and 

enhance powder melting efficiency. The feed rate was maintained between 30–40 g/min, and the 

spray gun was operated at a standoff distance of 90–120 mm. Coating was continued until a 

uniform layer thickness of approximately 160 µm was achieved. This controlled deposition 
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approach ensures dense microstructures with minimal porosity, aiming to enhance the mechanical 

durability, tribological stability, and environmental resistance of the Ti alloy surfaces [32]. 

 

RESULTS AND DISCUSSION: 

TESTING:  

To comprehensively evaluate the performance enhancement of the Ti-6Al-4V alloy before 

and after plasma spray coating, a series of mechanical, tribological, and metallurgical 

characterization techniques were employed. Surface microhardness measurements were conducted 

using a Vickers indenter to quantify surface strengthening induced by the coating. The observed 

improvement in hardness was correlated with enhanced wear resistance, consistent with Archard’s 

wear law, which suggests an inverse relationship between wear volume and surface hardness [33]. 

Dry sliding wear tests were performed under controlled conditions to assess coating integrity, 

interfacial adhesion, and resistance to surface delamination. Surface roughness analysis was 

carried out pre and post coating using Atomic Force Microscopy (AFM), revealing significant 

topographical changes that are beneficial for dynamic and load bearing applications. 

Electrochemical corrosion testing in a simulated environment was used to examine the chemical 

stability of the coated surfaces. The corrosion potential and current density provided insights into 

the protective efficacy of the NiCr and Mo coatings under aggressive conditions. 

To verify the quality of both the LMD process and the subsequent coating, Scanning Electron 

Microscopy (SEM) was employed for microstructural evaluation, while Energy Dispersive X-ray 

Spectroscopy (EDS) mapping confirmed elemental distribution and coating uniformity. 

SEM: 

Figure 3(a) and Figure 3(b) present the surface morphology of plasma-sprayed Mo and NiCr 

coatings on LMD-fabricated Ti-6Al-4V alloy substrates, respectively. Both coatings were applied 

using optimized atmospheric plasma spraying parameters: a spraying distance of 90–120 mm and 

a feed rate of 30–40 g/min. 

 
Figure 3 SEM image of (a) Mo coated Ti alloy and (b) NiCr coated Ti alloy 

In Figure 3(a), the SEM micrograph of the Mo-coated surface reveals a dense and relatively 

smooth coating with well-flattened splats and minimal porosity. The morphology is predominantly 

composed of a fine lamellar metallic structure, formed by the rapid solidification of molten Mo 

particles upon impact with the Ti substrate. The coating demonstrates strong cohesion, with no 
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significant unmelted particles or excessive voids observed. This microstructural refinement 

contributes to enhanced surface hardness (584.67 HV), a substantial improvement over the 

uncoated Ti alloy (368 HV). The increased hardness can be attributed to fine grain development, 

Mo's high melting point, and compressive residual stresses induced during rapid solidification. 

However, the corrosion resistance is moderate, as indicated by a higher Icorr value, likely due to 

the absence of a stable passive oxide film. In contrast, Figure 3(b) shows the NiCr-coated surface, 

which exhibits a more compact and uniform microstructure with interconnected splats and lower 

porosity. The lamellar structure appears more homogeneous than that of the Mo coating, attributed 

to Ni's inherent ductility and Cr’s oxide-forming ability. The presence of a stable Cr₂O₃ passive 

layer significantly enhances corrosion resistance, as evidenced by lower Icorr and more noble 

Ecorr values. While the surface hardness of the NiCr coating (537.66 HV) is slightly lower than 

Mo's, its superior corrosion resistance makes it highly suitable for applications involving 

aggressive environments and thermal cycling. 

 

SEM with EDS:  

Figure 4 presents the SEM micrograph and corresponding elemental EDS maps of a 

plasma-sprayed molybdenum (Mo) coating deposited on a Ti6Al4V alloy substrate. The SEM 

image reveals a uniform and dense morphology, indicating that the plasma spraying process was 

effective in producing a well-adherent and low-porosity coating with minimal cracking. Such a 

microstructure is favorable for enhancing surface protection. 

 
Figure 4 SEM with EDS of Mo coated Ti Alloy 

The EDS elemental maps confirm the spatial distribution of Mo, O, Al, Fe, and C within 

the coating region. The homogeneous and continuous presence of Mo (depicted in purple) suggests 

successful and consistent deposition across the entire surface an essential factor for improving 

wear resistance and corrosion protection. The widespread distribution of oxygen (O) throughout 

the coating indicates surface oxidation during the high-temperature plasma spray process, likely 

resulting in the formation of molybdenum oxides (e.g., MoO₃), which can enhance corrosion 

resistance through passivation. Aluminum (Al) signals appear weaker and more localized, likely 
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originating from the underlying Ti6Al4V substrate or minor diffusion at the coating–substrate 

interface. This limited elemental migration suggests good thermal stability of the coating. The 

presence of iron (Fe) is minimal, possibly due to minor contamination from feedstock handling or 

plasma gun erosion. Carbon (C) observed on the surface may stem from environmental exposure, 

surface residues, or carbide formation during deposition. Although Mo feedstock does not 

inherently contain carbon, its presence can locally influence hardness. Overall, the EDS results 

validate the successful Mo deposition and demonstrate the structural and chemical integrity of the 

coated Ti alloy. The elemental uniformity and oxide formation are expected to enhance both 

corrosion resistance and mechanical performance under harsh service conditions. 

Figure 5 presents the SEM micrograph along with EDS elemental maps of a NiCr-coated Ti6Al4V 

alloy deposited via atmospheric plasma spraying. The SEM image reveals a dense and moderately 

textured surface morphology, characteristic of well-adhered plasma-sprayed coatings. Distinct 

splat boundaries indicate molten splat solidification with good inter-splat cohesion and limited 

porosity signifying effective deposition and bonding. 

 
Figure 5 SEM with EDS of NiCr coated Ti Alloy 

The EDS elemental maps confirm the presence and distribution of key elements such as Ni, Cr, O, 

C, Fe, and Al. Both nickel (Ni) and chromium (Cr) exhibit homogeneous and uniform distribution 

within the coating layer, affirming successful incorporation of the NiCr alloy. These elements are 

primarily responsible for corrosion and oxidation resistance, with chromium contributing to the 

formation of a protective Cr₂O₃ passive layer. This passive film significantly enhances the 

electrochemical stability of the surface. Oxygen (O) is widely distributed across the coating, 

attributed to partial oxidation during the high-temperature spraying process, either during particle 

flight or upon substrate impact. The presence of oxygen-rich compounds reinforces the passivation 

behaviour. Carbon (C), observed in localized patches, may originate from surface contamination, 

residual gases in the plasma atmosphere, or carbide formation during rapid solidification. Its 

presence can locally influence hardness and wear resistance. Iron (Fe) appears in trace amounts, 

likely introduced through minor contamination or as a residual substrate element, indicating 

limited elemental diffusion. Aluminum (Al) signals are weak and scattered, suggesting minimal 

substrate interaction, which confirms that the coating is sufficiently thick to shield the underlying 

Ti6Al4V alloy. The uniform dispersion of Ni and Cr, coupled with passive oxide layer formation 

and strong interfacial bonding, suggests that the NiCr-coated Ti alloy is well-suited for 
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applications demanding enhanced corrosion resistance and surface durability. The EDS analysis 

verifies the chemical uniformity and structural integrity of the coating. 

SURFACE ROUGHNESS: 

The surface topography of the Mo and NiCr-coated Ti alloy specimens fabricated via Laser 

Metal Deposition (LMD) was analyzed using Atomic Force Microscopy (AFM) over a scan area 

of 1.65 mm × 1.86 mm. The 3D surface profiles (Figure 6) reveal distinct morphological 

differences associated with the coating material. The Mo-coated Ti alloy exhibited a lower average 

surface roughness (Ra = 0.42 µm) with maximum surface peaks reaching 68.52 µm, indicating a 

relatively uniform and dense surface texture. In contrast, the NiCr-coated Ti alloy demonstrated a 

slightly higher roughness (Ra = 0.51 µm) and peak height of 72.68 µm, suggesting localized 

asperity formations and a marginally more irregular surface profile. 

 
Figure 6 3D Surface Topography of Mo/NiCr coated Ti Alloy 

Both coatings, however, exhibited compact surface microstructures with refined grain 

morphology and minimal macro-defects. This uniformity reflects the high integrity and 

metallurgical bonding achieved through the LMD process. The reduced roughness and controlled 

surface features directly contribute to improved tribological behavior, as evidenced by the lower 

coefficient of friction (CoF) and wear rates observed in coated samples. Specifically, the Mo 

coating’s smoother topography and superior adhesion promote stable contact conditions, 

minimizing abrasive interactions and debris formation. These findings underscore the potential of 

optimized LMD coatings to enhance the functional performance of Ti alloys without necessitating 

post-processing treatments. The controlled roughness and topographical uniformity are key to 

tailoring surface interactions, making these coated systems ideal for advanced wear-resistant and 

load-bearing applications. 

MICROHARDNESS: 

The surface hardness of both uncoated and plasma-coated Ti-6Al-4V alloy samples, 

fabricated via Laser Metal Deposition (LMD), was evaluated using the Vickers microhardness test 

in accordance with ASTM E384 standards. A load of 50 gf was applied for 15 seconds to ensure 

consistent indentation depth and minimize substrate effects. Multiple indentations were performed 

at various regions on each sample to account for microstructural heterogeneity, and the average 

values were reported [34]. 
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                Figure 7 Microhardness of Uncoated and Coated Ti Alloy 

The uncoated Ti alloy exhibited a baseline hardness of 368 HV, consistent with typical 

LMD fabricated Ti-6Al-4V as shown in Figure 7. In contrast, the Mo-coated surface demonstrated 

a significantly enhanced hardness of 584.67 HV, while the NiCr coated sample showed a hardness 

of 537.66 HV. This improvement in surface hardness is primarily attributed to the presence of hard 

intermetallic and oxide phases, rapid solidification during plasma spraying, and the development 

of fine grain structures within the coatings. Additionally, the generation of compressive residual 

stresses and work-hardening effects during high-velocity particle impingement contributed to 

enhanced resistance against plastic deformation. The results clearly indicate that both Mo and NiCr 

coatings substantially improve the surface mechanical properties of Ti alloys, with Mo offering 

slightly superior performance in terms of hardness. 

WEAR 

The tribological behavior of Mo-coated, NiCr coated, and uncoated Ti alloy samples 

fabricated via the Laser Metal Deposition (LMD) process was evaluated under dry sliding 

conditions using a standard pin-on-disc tribometer in accordance with ASTM G99. The tests were 

conducted under a constant normal load of 20 N, sliding velocity of 1.2 m/s, and a total sliding 

distance of 500 m to simulate intermediate tribological loading. During the initial stages of sliding, 

all samples exhibited a gradual increase in the coefficient of friction (CoF), attributed to the 

accumulation of wear debris on the contact surfaces. However, with continued sliding, the CoF 

began to decline, indicating the detachment or displacement of debris from the wear track, resulting 

in relatively more stable contact conditions [35]. 

Among the tested samples, the Mo-coated Ti alloy demonstrated superior tribological 

performance, exhibiting the lowest CoF (0.32) and specific wear rate (0.5 × 10⁻⁴ mm³/Nm) as 

shown in Figure 8. This enhancement is primarily due to the formation of a lubricious and 
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thermally stable MoO₃ tribolayer, which contributes to improved load-bearing capacity and contact 

stability. In contrast, the NiCr coated sample showed moderate performance with a CoF of 0.39 

and a wear rate of 3.8 × 10⁻⁴ mm³/Nm. The passive oxide films formed on the NiCr surface offered 

partial protection, though not as effective as Mo-based tribofilms. 

The uncoated Ti alloy exhibited the poorest performance, with a high CoF (0.58) and wear rate 

(11 × 10⁻⁴ mm³/Nm), primarily due to the formation of a brittle TiO₂ oxide layer with limited wear 

resistance and load-bearing capability. These findings clearly underscore the potential of Mo 

coatings for enhancing the tribological durability of Ti alloys in dry contact applications. 

    
Figure 8 CoF and Wear rate of Uncoated and Coated Ti Alloy 

CORROSION:  

The corrosion performance of plasma sprayed NiCr and Mo coatings on LMD fabricated 

Ti-6Al-4V alloy was evaluated using potentiodynamic polarization in 3.5% NaCl solution. The 

electrochemical behavior was characterized by Tafel extrapolation to extract corrosion potential 

(Ecorr) and corrosion current density (Icorr), two primary indicators of corrosion resistance [36]. 

Uncoated Ti alloy is known for its moderate corrosion resistance due to the natural formation of a 

TiO₂ layer; however, under aggressive chloride environments, this passive film is susceptible to 

breakdown. Coating with transition metal-based powders significantly enhanced corrosion 

protection. 

 
Figure 9 Tafel Plot of Mo/NiCr coated Ti Alloy 
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The Mo coated Ti alloy exhibited an Ecorr of approximately –600 mV and an Icorr of 6.1 × 10⁻⁷ 

mA/cm², indicating improved corrosion resistance compared to bare Ti as shown in Figure 9. This 

enhancement is attributed to the formation of a MoO₃ passive film, which provides moderate 

protection by slowing metal ion diffusion. However, due to the semi-protective nature and relative 

solubility of Mo oxides in chloride environments, its corrosion barrier properties are limited. 

Conversely, the NiCr coated Ti alloy demonstrated superior corrosion resistance, with a more 

noble Ecorr of –450 mV and significantly lower Icorr of 1.2 × 10⁻⁷ mA/cm². The formation of a 

dense and adherent Cr₂O₃ passivation layer is responsible for this enhanced performance, acting 

as a robust barrier against anodic dissolution. Additionally, the presence of Ni contributes to 

improved coating ductility and interfacial adhesion, further stabilizing the passive film under 

electrochemical stress. These results confirm that NiCr coatings offer more effective corrosion 

protection for Ti alloys in chloride-rich environments than Mo coatings. 

CONCLUSION: 

This study established the significant enhancement of the surface and functional performance of 

Laser Metal Deposited (LMD) Ti-6Al-4V alloy through Atmospheric Plasma Spraying (APS) of 

Mo and NiCr coatings. Key findings demonstrate that both coatings evidently improved the 

mechanical, tribological and corrosion properties of the substrate, with specific improvements 

quantified below: 

The Mo-coated surface exhibited a peak microhardness of 584.67 HV more than double that of the 

uncoated substrate (278 HV) and 67.6% higher than the NiCr coated surface (348.77 HV) 

attributable to the formation of hard Mo rich oxides and refined splat microstructures. 

Correspondingly, the wear resistance improved markedly; the Mo coating achieved a ~78% 

reduction in wear rate, from 2.33 × 10⁻⁴ to 5.04 × 10⁻⁵ mm³/Nm, while the NiCr coating yielded a 

~64% reduction, linked to their respective high hardness and surface stability. In tribological terms, 

the coefficient of friction (COF) was halved by the Mo coating (0.31 vs 0.62 uncoated), and 

reduced by 29% with NiCr, due to smoother contact interfaces and lower adhesive wear. These 

coatings also altered the surface roughness (Mo: 4.18 µm, NiCr: 2.90 µm), enhancing mechanical 

interlocking. Critically, NiCr provided superior corrosion resistance, reducing corrosion current 

density by ~93%, while Mo achieved ~89% reduction, highlighting their suitability for aggressive 

service environments. 

These results clearly demonstrate that the Mo coating offers superior mechanical and tribological 

performance, while NiCr excels in corrosion protection. Both coatings exhibited strong 

metallurgical bonding with the substrate, minimal porosity and favourable phase compositions, 

validating the effectiveness of APS as a post processing method for LMD components. 
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